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(7) ABSTRACT

The present invention relates to peptides which exhibit
potent anti-viral activity. In particular, the invention relates
to methods of using such peptides as inhibitory of respira-
tory syncytial virus (“RSV”) transmission to uninfected
cells. The peptides used in the methods of the invention are
homologs of the DP-178 and DP-107 peptides, peptides
corresponding to amino acid residues 638 to 673, and to
amino acid residues 558 to 595, respectively, of the HIV-
1, 4; transmembrane protein (TM) gp41.
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Number of Syncylia/well: concentration in pg/ml (microgroms/ml)

DP178 10 5 1 0.2 01 005 0.025 0.0125 Control

Syncytia

HIVILAI 0 0 0 0 0 0 0 0 67
HIVIMN 0 0 0 0 0 ND ND ND 34
HIVIRF 0 0 0 0 0 ND ND ND 65
HIVISF2 0 0 0 0 0 ND ND ND 38

DP125 10 5 1 02 0.1 0.0 0.025 0.0125  Control

Syncylia

HIVILAI 0 0 54 69 80 75 79 82 67
HIVIMN 0 0 3 3l ND ND ND ND 34
HIVIRF 0 0 67 63 ND ND ND ND 65
HIVISF2 0 0 9 66 ND ND ND ND 98
DP116 10 5 1t 0.2 01 005 0.025 0.0125  Control
Syncylia

HIVILAL 75 ND ND ND ND ND ND ND 67
HIVIMN 3% N NN ND ND ND ND 34
HIVIRF 81 ND ND ND ND ND ND ND 65
HIVISFZ 81 ND ND ND ND ND ND ND 58

DP180 40 20 0 5 2.9 1.25  0.625 0.3125  Control
Syncylia

HIVILAT 50 >40 >45 >45 >4 >45 >45 >45 58
DP185 40 20 10 5 290 1.2 0.625 0.3125  Conlrol
Syncylia

HIVILAI 0 0 0 0 0 0 0 ND 60
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HIV

Number of Syncylio/we!l: concenlration in ng/ml (nanograms/m!)

OP178 20 10 5 2.5 1.2 0.625 0.32 Control

Syncylia

HIV 0 0 0 0 0 14 20 48
OP116 20 10 5 25 125 0.625 0.3125 Control
Syncylia

HIVI ND 48 ND ND ND ND ND ND

Number of Syncylia/well: conceniration in ug/ml (microgroms/ml)

DP178 20 10 5 2.5 1.25 0.625 0.3125 Conlrol

Syncylia

HIV2 5 5 5 57 63 77 78 76
OP116 20 10 5 25 1.25 0.625 0.2125 Control
Syncytia

HIV2 NO 38 ND  ND ND ND ND ND

FIG.S
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[Fusion YALLMOTISv
Peptide 4107x178x4 4
v...JLGELG A AGSTMGARSM TLTVQARQ 4LLSGIVOQQ DPIOZ-NNL

LRAIEAQOUL LOLTVIVGIKQ LOARILAVER YLEDQ-DP107 QLLG4AY I WGC
4107x178x4 4
vALLMOTIS v *LVS Cailed-Coijl*

SGKLICT TAVP yWNASWS NKSLEQIWNN MTWM *E 4AWDREINN DPI178-

YLSLIISL

4 Transmembrane Region ¢
INWLWYIK4 «IFIMIVGGLYGL RIVFAVLSIY NRVRQGYSv IL

SP2ILZIPC+
SFQTHLPTPR GPDR  4PEGIEE EGGERDRDRS IRLVNGSLAL IWDDLRSL+ CL

vYALLMOTISv A107x178x4 4
F ¥SYHRLRDLL LIVIRIVELL GRRGW 4 EALKY WWNLLOYWSQ

ELKNSAVSLL NATA AIAVAEG TDRVIEVVQG Av  CRAIRHIPR

RIRQGLERIL L

FIG. 20
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Fusion vALLMOTISy
Peptide +107x178x4 4
Y. FLGEL LGVGSAIAS GVA  aYSKVIJIL EGEVNKIKSA

+P1&12LZIPC
LLSTNKAVYS LSNGVSYLTS KVLDLKNYID KQ4v¥ LL #PIVNKQ
4107x178x4 4
SC ASISNIETY I+ EFQQKNNRLLEITREFSVNAGA VTTPVSTMLTNSELLSL
#P1&12LZIPC
vALLMOTIS v

INDM &Pl vTNDQ KKLMSNNVQI Va4 RQQSYSI+ MS IIKEEVLAYV

VQv LPLYGVID TPCWKLHTSP LCTTNTKEGS NICLTRTDRG WYCDNAGSVS
FFPQAETCKV QSNRVFCDTM NSLTLPSEIN LCNVDIFNPK

YDCKIMTSKT DVSSSVITSL GAIVSCYGKT KCTASNKNRG
IIKTFSNGCDYVSNKGMDTV SVGNTLYYVN KQEGKSLY VK G

417,12, & 23LZIPC4

4107x178x4 vALLMOTISv
EPIINFYDPLVE 4PSDE #FDASISQYNEXINQSLAF vI4 RKSDELL

+ Transmembranc Region 4
INVNA4 GKSTTN «IMITYIIIVIVILLS LIAVGLLLYY C+

KARSTPVTLS KDQLSGINNI AFSN

FIG. 21
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FFusion
Peplide vALLMOTIS v A107x178x4 4
....... ILGEFLG vAAGTA MGAAA +TALTYOSQULLAGILOQOKNLLAAY

4107x178x4 4
EAQ4 QQM ALKLTIWGVKNLNARYTALEKYLEDQARLN4 AWGY CA

tI MS QQ”QEI-QQ'II*
vyALLMOTISy  4107x178x4 4
WKQVCHTTVP WQWNNRTPDW yNNMT *WLE AWERQISYLEGNIT

+107x178x4 4
TOLEEARAQEEKNLDA AYQKLSS* WSDFWSWy FDF ASKWLN +ILK

+ Transmembrane Region +
IGFLDYLGIIGLRLLYTV+ YS4 CIARVRQGYS PLSPQIHIHP WKGQPDNAEG

PGEGGDKRKN SSEPWQKESG TAEWKSNWCK RLTNWCSISS IWLYNS

YALLMOTI5S v
vCLTL LVHLRSAFQY IQYGLGELKA AAQEAVVALA RLAQNAGYQIWL v

ACRSAYRA IINSPRRVRQ GLEGILN

FIG. 22
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Fusion A107x178x4 4
Peptide  vALLMOTIS v *L.YS Coiled-Cojl*
....... FAG YVVL  AGVALGVATA AQITAGIALIQ 4*SNLNAQAIQ

RLRTSLEQSNKAIERIREATQETVIA* YQGVQDY4 VNNELy VP
vyALLMOTIS5v
A107x178x4 &

06 & 12LZIPC4
AMQIMSCELVGQRLGLRLLRYYTELLSIFGPSLRD 4PISA 4 vEISIQALIYAL

GGEINKILEKLGYSGSD4 MIAILESRGIKTKIv THVDLPGKF ILSISY

+P1 & 12LZIPCa
+PTLSEVKGVIVHRLEAV 4 SYNIGSQEWYTTVPRYIATNGYLISNFDESSCVEVS

ESAICSQNSL YPMSPLLQQC IRGDTSSCAR TLVSGTMGNK FILSKGNIVA
NCASILCKCY STSTIINQSP DKLLTFIASD TCPLVEIDGA TIQVGGRQYP

*LVS Coiled-Coil*
vALILLMOTIS v
P12 & 23L.72IPC &

DMVYEGKVAL G #PAISLD vYRL*DVGTNLGNALKKLDDAKVLI+

+ Transmembrane Repigp ¢
DSS+ NOQILETYRRSv* SFN  ¢LFGSLL SVPILSCTAL ALLLLIYCC +

KRRYQQTLKQH TKVDPAFKPD LTGTSKSYVR SL

FIG. 23



U.S. Patent Nov. 12, 2002 Sheet 25 of 83 US 6,479,055 B1

Fusion vALLMOTISYy
Peptide A107x178x4 4
Y. FIGAI IGSVALGVA TAAQITAASA LIQANQNAAN  #ILRLKESITA

TIEAYHEYIDGLSQLAVA4 VG KMy QQFVNDQFNNTAQELDCIKITQQV

vyALLMOTISy
GVELNLYLTELTTV FGPQITSPAL ¥TQLTIQALYNAGGNMDYLLTKLGVG

4P1 & 12LZIPC 4
NNQLSSLIGSGLIT GNv  +PILYDSQT QLLGIQVTLP SVGNLNNMRATYLET

LSVST TKGFASALVP KVVTQVGSVI EELDTSYCIE TDLDLYCTRI VIFPMSPGIY
SCLNGNTSAC MYSKTEGALT TPYMTLKGSV IANCKMTTCR CADPPGIHSQ

YALLMOTIS v

4107x178x4 4
NYGEAVSLID RHSCN 4 v VLSLD GITLRLSGEF DATYQKNISI LDSQVIVTG

*LVS Coiled-Cojl* + Trans-
*NLDISTELGNVY NNSISNALDK LEESNSKLDK YNVKITSTSA. ¢LIT* YIA

membrane Repgion +
LTAISLYCGILSLVv 4 LACYLMY + KQKAQOQKTLLWLGNNTLG QMRATTKM

FIG. 24
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TFusion vALLMOTIS v
Peptide 4107x178x4 4 *LLYS Coiled-Coil*
e IEGGY AIG YTIALG *VATSAQITAAVALVEAKOQARSDIEKLKE

AIRDTNKAVQSVOQSSIGNLIVAIKSYQ* DYVNKEv 4 IVPSIARLGCEAAG

YALLMOTIS v
4107x178x4 4
LQLGIALTQH 4 yYSELTNIFGDNIGSLOEKGIKLQGIASLYRTNITE Y 4

4P5 & 12LZIPC
IFTTSTVDKYDIYDLLFTESIKVRVIDVDLNDYSITLQVRL  4PLLTRLLNTQIYR

VDSISYNI+ QNREWYI+ PLPSHIMTKGAFLGGADVKECIEAI'SSYIC
PSDPGFVLNHEMESCLSGNISQCPRTVVKSDIVPRYAFVNGGVVANCITT
TCTCNGIGNRINQPPDQGVKIITHKECNTIGINGMLFNTNKEGTLAFYTP

vALLMOTIS v
A107x178x4 4
+P6 & 23LZIPC

NDITLNNSVALD «&PIDI 4SIELN YKAKSDLEESKEWI+S RRSNQKI
¢ Transmembranc Regpion ¢
DSIGNWIIQSSTT  +1lVa LIMIILFINVT 11+ IIAVKYYY R

IQKRNRVDQN DKPYVLTNK

FIG. 25
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Fusion
Peptide
....... GLITGAI  AGFIENGWEGMIDGWYGFRITIQNSEGTG

4107x178x4 4
vALLMOTIS5 v

DLEKYVEDTKIDL* WSYNAELLYALENQITII4 DLTv DSEMNKLFEKTR
RQLRENAEEMGNGCFKIYHKCDNACIESIRNGTYDHDVYRDEALNNRFQIKG

VELKSGYKDWILWISFAISCFLLCVVLLGFIMWACQRGNIRCNICI

FIG. 26
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[FUSION YALLMOTI5Y
PEPTIDE #107x178x44
..... RNKRGVFVLGFLGFLATAGSAMGAAS 4% XXXXAQSRTLLAGIVQQQQQ

LLDVVKRQOQELLRLTYWGTKNLOTRVTAIEKYLKDQAQLANAWGY CAF

YALLMOTISY
*LVS PREDICTED COILED-COIL
RQVCHTTVPWPNASLTPDW *NND YTWQLEWERKVDFLEENITALLEEAQIQQ

4107x178x44

IYIVMLAKLRQGYRPVFSSPPSYFQXTHTQQDPALPMTREGKEGDGGEGGGNSSWP

WQIEYIHF

FIG. 31
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MTRRRVLSVVVLLAALACRLGAQTPEQPAPPATTVQPTATRQQTSFPFRVCELSSHGDLFRFSSD

& 10/7x178x44
IQCPSFGTRENHTEGLLMVFKDNITPYSF 4 KVRSYTKIVTNILIYNGWYADSVTNRHE#

FKFSVDSY ETDQMDTIYQ CYNAVKMTKD GLTRVYVDRD GVNITVNLKP TGGLANGVRR
YASQTELYDA PGWLIWTYRT RTTVNCLITD MMAKSNSPED FRFVTTTGQTV EMSPFYDGKN
KETFHERADS FHVRTNYKIV DYDNRGTNPQ GERRAFLDKG TYTLSWKLEN RTAYCPLQHW
QTFDSTIATE TGKSIHFVTD EGTSSFVINT TVGIELPDAF KCIEEQVNKT HEKYEAVQD
RYTKGQEAIT YFITSGGLLL AWLPLTPRSL ATVKNLTELT TPTSSPPSSP SPPAPSAARG
STPAAVLRRR RRDAGNATTP VPPTAPGKSL GTLNNPATVQ LQFAYDSLRR QINRMLGDLA
RAWCLEQKRQ NMVLRELTKI NPTTVMSSIY GKAVAAKRLG DVISVSQCVP VNQATVTLRK
SMRVPGSETM CYSRPLVSFS FINDTKTYEG QLGTONEIFL TKKMTEVCQA TSQYYFQSGN

#107x178x44
ETHVYNDYHH FKTIELDGIA TLQTFISLNT #SLIENIDFASLELYSRDEQRASNVFD *LE4

*LVS PREDICTED COILED COIL* TM Potential
GIFREYNFQAQNIAGLRKDLDNAVSN* GRNQ FVDGLGELMDSLGSVG QSITN
&P12L7IPC

TM Potential TM Potential

LVSTVGGLFSSLVSGFISF FK N PFGGMLILVLVAGVVILVISL® TRRTRQMS
QQPVOMLYPG IDELAQQHAS GEGPGINPIS <TELQAIMLA LHEQNQEQKR AAQRAAGPSV

ASRALQAARDRFPGLRRRRY HDPETAAALL GEAETEF

FIG. 32
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MMDPNSTSED VKFTPDPYQV PFVQAFDQAT RVYQDLGGPS QAPLPCVLWP VLPEPLPQGQ
LTAYHVSTAP TGSWFSAPQP APENAYQAYA APQLFPVSDI TONQQTNQAG GEAPQPGDNS

TVQTAAAVVF ACPGANQGQQ LADIGVPQPA PVAAPARRTR KPQQPESLEE CDSELEI

@DNA BINDINGE@ #107x178X44  +DIMERIZATION+
@KRY KNRVASRKCRAK — #FK@ Q +LLQHYREVAAAKSSENDRLRLLLKQ4

MCPSLDVD+ ST IPRTPDVLHE DLLNF

FIG. 33
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FUSTON
PEPTIDE YALLMOTIGY * VS COILED-COIL*
FAG WVVLAGAALGVATAAQI TAGTALHOSML*NSQAIDNLRASLETTN

QAIEAIRCAGQEMI*LAVQGVQDYINNY  EL TPSMNQLSCDL IGQKLGLKLLRYYT

&P23LZIPC
&PG, 12LZIPCH
4107X178X44
YALLMOTISY
EILSLFGPSLRD  oPISA  4WEISIQLSYALGGDINKVe LEKLGYSGGDLS

&P, 12LZIPC
LGILES® RGIKARIY THVDTESYFIVLSIAY #PTLSEIKGVIVHRLEGV® SY

NIGSQEWYTTVPKYVATQGYLISNFDESSCTFMPEGTVCSONALYPMSPLLQECL
RGSTKSCARTLVSGSFGNRF ILSQGNLIANCASTLCKCYTTGTITINQDPDKILTY TAA
P23 Z1PCM
API2LZIPCo
YALLMOTISY

*LVS COILED-COIL*
DHCPVVEVNGVTIQVGSRRYPDAVYLHRIDLGP P IS *LERLDVGTNLGN

¢ TRANSMEMBRANE REGION®
AIAKLEDAKELL <  ESSDQI*L & RSMK  €GLSSTSIVYILIY AVCLGGLIGIP

ALICCC# RGRCNKKGEQVGMSRPGLKPDLTGTSKSYVRSL

FIG. 34
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Pre S1 and Pre S2
MGQNLSTSNPLGFFI’DIIQLDPAFRANTANPDWDFNPNKDTWPDANKVGAGAFG

LGFTPPHGGLLGWSPQAQGILQTLPANPPPASTNRQSGRQPTPLSPPLRNTHPQAM
QWNSTTFHQTLQDPRVRGLYFPAGGSSSGTVNPVLTTASPLSSIFSRIGDPALN
MAIJOR SURFACE ANTIGEN(HBs)

FUSION

PEPTIDE

&P12 & 23LZIPC
MENITSG FLG #PLL VLQAGFFLLTRILTI® PQSLDSWWTSLNFLGGTTVCLG

P12 & 23LZIPCH
QNSQSPTSNHSPTSCPPTC #PGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGML<
PVCPLIPGSSTTSTGPCRTCMTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKF

$TRANSMEMBRANE REGION¢
LWEWASARFSWLS 4¢LLVPFVOWFVGLSPTYWLSVI¢ WMMWYWGPSL

¢+ TRANSMEMBRANE REGION¢

¢YSILSPFLPLLPIFFCLWVYYI1¢

FIG. 35
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FUSION Y ALLMOTISY  #107x [78x44
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METHODS FOR INHIBITION OF
MEMBRANE FUSION-ASSOCIATED
EVENTS, INCLUDING RESPIRATORY
SYNCYTIAL VIRUS TRANSMISSION

This is a Continuation-In-Part of application Ser. No.
08/360,107 filed Dec. 20, 1994, now U.S. Pat. No. 6,017,
536, which is a Continuation-In-Part of application Ser. No.
08/255,208 filed Jun. 7, 1994, which is a continuation in part
of application Ser. No. 08/073,028, now U.S. Pat. No.
5,464,933, each of which is incorporated herein by reference
in its entirety.

This invention was made with Government support
under Grant No. A1-30411-02 awarded by the National
Institutes of Health. The Government has certain rights in
the invention.

1. INTRODUCTION

The present invention relates, first, to DP178 (SEQ ID
NO:1), a peptide corresponding to amino acids 638 to 673
of the HIV-1,,, transmembrane protein (TM) gp41, and
portions or analogs of DP178 (SEQ ID NO:1), which exhibit
anti-membrane fusion capability, antiviral activity, such as
the ability to inhibit HIV transmission to uninfected CD-4*
cells, or an ability to modulate intracellular processes
involving coiled-coil peptide structures. Further, the inven-
tion relates to the use of DP178 (SEQ ID NO:1) and DP178
portions and/or analogs as antifusogenic or antiviral com-
pounds or as inhibitors of intracellular events involving
coiled-coil peptide structures. The present invention also
relates to peptides analogous to DP107 (SEQ ID NO:25), a
peptide corresponding to amino acids 558 to 595 of the
HIV-1, ,, transmembrane protein (TM) gp41, having amino
acid sequences present in other viruses, such as enveloped
viruses, and/or other organisms, and further relates to the
uses of such peptides. These peptides exhibit anti-membrane
fusion capability, antiviral activity, or the ability to modulate
intracellular processes involving coiled-coil peptide struc-
tures. The present invention additionally relates to methods
for identifying compounds that disrupt the interaction
between DP178 and DP107, and/or between DP107-like and
DP178-like peptides. Further, the invention relates to the use
of the peptides of the invention as diagnostic agents. For
example, a DP178 peptide may be used as an HIV subtype-
specific diagnostic. The invention is demonstrated, first, by
way of an Example wherein DP178 (SEQ ID:1), and a
peptide whose sequence is homologous to DP178 are each
shown to be potent, non-cytotoxic inhibitors of HIV-1
transfer to uninfected CD-4" cells. The invention is further
demonstrated by Examples wherein peptides having struc-
tural and/or amino acid motif similarity to DP107 and
DP178 are identified in a variety of viral and nonviral
organisms, and in examples wherein a number of such
identified peptides derived from several different viral sys-
tems are demonstrated to exhibit antiviral activity.

2. BACKGROUND OF THE INVENTION

2.1 Membrane Fusion Events

Membrane fusion is a ubiquitous cell biological process
(for a review, see White, J. M., 1992, Science 258:917-924).
Fusion events which mediate cellular housekeeping
functions, such as endocytosis, constitutive secretion, and
recycling of membrane components, occur continuously in
all eukaryotic cells.

Additional fusion events occur in specialized cells.
Intracellularly, for example, fusion events are involved in
such processes as occur in regulated exocytosis of
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hormones, enzymes and neurotransmitters. Intercellularly,
such fusion events feature prominently in, for example,
sperm-egg fusion and myoblast fusion.

Fusion events are also associated with disease states. For
example, fusion events are involved in the formation of giant
cells during inflammatory reactions, the entry of all envel-
oped viruses into cells, and, in the case of human immuno-
deficiency virus (HIV), for example, are responsible for the
virally induced cell-cell fusion which leads to cell death.
2.2. The Human Immunodeficiency Virus

The human immunodeficiency virus (HIV) has been
implicated as the primary cause of the slowly degenerative
immune system disease termed acquired immune deficiency
syndrome (AIDS) (Barre-Sinoussi, F. et al., 1983, Science
220:868-870; Gallo, R. et al., 1984, Science 224:500-503).
There are at least two distinet types of HIV: HIV-1 (Barre-
Sinoussi, F. et al., 1983, Science 220:868—-870; Gallo R. et
al., 1984, Science 224:500-503) and HIV-2 (Clavel, F. et al.,
1986, Science 233:343-346; Guyader, M. et al., 1987,
Nature 326:662-669). Further, a large amount of genetic
heterogeneity exists within populations of each of these
types. Infection of human CD-4" T-lymphocytes with an
HIV virus leads to depletion of the cell type and eventually
to opportunistic infections, neurological dysfunctions, neo-
plastic growth, and ultimately death.

HIV is a member of the lentivirus family of retroviruses
(Teich, N. et al., 1984, RNA Tumor Viruses, Weiss, R. et al.,
eds., CSH-Press, pp. 949-956). Retroviruses are small
enveloped viruses that contain a diploid, single-stranded
RNA genome, and replicate via a DNA intermediate pro-
duced by a virally-encoded reverse transcriptase, an RNA-
dependent DNA polymerase (Varmus, H., 1988, Science
240:1427-1439). Other retroviruses include, for example,
oncogenic viruses such as human T-cell leukemia viruses
(HTLV-L-IL-III), and feline leukemia virus.

The HIV viral particle consists of a viral core, composed
of capsid proteins, that contains the viral RNA genome and
those enzymes required for early replicative events. Myri-
stylated Gag protein forms an outer viral shell around the
viral core, which is, in turn, surrounded by a lipid membrane
enveloped derived from the infected cell membrane. The
HIV enveloped surface glycoproteins are synthesized as a
single 160 Kd precursor protein which is cleaved by a
cellular protease during viral budding into two
glycoproteins, gp41 and gp120. gp41 is a transmembrane
protein and gp120 is an extracellular protein which remains
non-covalently associated with gp41, possibly in a trimeric
or multimeric form (Hammarskjold, M. and Rekosh, D.,
1989, Biochem. Biophys. Acta 989:269-280).

HIV is targeted to CD-4* cells because the CD-4 cell
surface protein acts as the cellular receptor for the HIV-1
virus (Dalgleish, A. et al., 1984, Nature 312:763-767; Klatz-
mann et al., 1984, Nature 312:767-768; Maddon et al.,
1986, Cell 47:333-348). Viral entry into cells is dependent
upon gp120 binding the cellular CD-4" receptor molecules
(McDougal, J. S. et al., 1986, Science 231:382-385;
Maddon, P. J. et al., 1986, Cell 47:333-348) and thus
explains HIV’s tropism for CD-4" cells, while gp41 anchors
the enveloped glycoprotein complex in the viral membrane.
2.3. HIV Treatment

HIV infection is pandemic and HIV associated diseases
represent a major world health problem. Although consid-
erable effort is being put into the successful design of
effective therapeutics, currently no curative anti-retroviral
drugs against AIDS exist. In attempts to develop such drugs,
several stages of the HIV life cycle have been considered as
targets for therapeutic intervention (Mitsuya, H. et al., 1991,
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FASEB J. 5:2369-2381). For example, virally encoded
reverse transcriptase has been one focus of drug develop-
ment. A number of reverse-transcriptase-targeted drugs,
including 2',3'-dideoxynucleoside analogs such as AZT, ddI,
ddc, and d4T have been developed which have been shown
to been active against HIV (Mitsuya, H. et al., 1991, Science
249:1533-1544). While beneficial, these nucleoside analogs
are not curative, probably due to the rapid appearance of
drug resistant HIV mutants (Lander, B. et al., 1989, Science
243:1731-1734). In addition, the drugs often exhibit toxic
side effects. such as bone marrow suppression, vomiting,
and liver function abnormalities.

Attempts are also being made to develop drugs which can
inhibit viral entry into the cell, the earliest stage of HIV
infection. Here, the focus has thus far been on CD4, the cell
surface receptor for HIV. Recombinant’soluble CD4, for
example, has been shown to inhibit infection of CD-4*
T-cells by some HIV-1 strains (Smith, D. H. et al., 1987,
Science 238:1704-1707). Certain primary HIV-1 isolates,
however, are relatively less sensitive to inhibition by recom-
binant CD-4 (Daar, E. et al., 1990, Proc. Natl. Acad. Sci.
USA 87:6574—6579). In addition, recombinant soluble CD-4
clinical trials have produced inconclusive results (Schooley,
R. et al., 1990, Ann. Int. Med. 112:247-253; Kahn, J. O. et
al., 1990, Ann. Int. Med. 112:254-261; Yarchoan, R. et al.,
1989, Proc. Vth Int. Conf. on AIDS, p. 564, MCP 137).

The late stages of HIV replication, which involve crucial
virus-specific secondary processing of certain viral proteins,
have also been suggested as possible anti-HIV drug targets.
Late stage processing is dependent on the activity of a viral
protease, and drugs are being developed which inhibit this
protease (Erickson, J., 1990, Science 249:527-533). The
clinical outcome of these candidate drugs is still in question.

Attention is also being given to the development of
vaccines for the treatment of HIV infection. The HIV-1
enveloped proteins (gp160, gp120, gp41) have been shown
to be the major antigens for anti-HIV antibodies present in
AIDS patients (Barin, et al., 1985, Science 228:1094-1096).
Thus far, therefore, these proteins seem to be the most
promising candidates to act as antigens for anti-HIV vaccine
development. To this end, several groups have begun to use
various portions of gp160, gp120, and/or gp41 as immuno-
genic targets for the host immune system. See for example,
Ivanoff, L. et al., U.S. Pat. No. 5,141,867, Saith, G. et al.,
WO 92/22,654; Shafferman, A., WO 91/09,872; Formoso,
C. et al,, WO 90/07,119. Clinical results concerning these
candidate vaccines, however, still remain far in the future.

Thus, although a great deal of effort is being directed to
the design and testing of anti-retroviral drugs, a truly
effective, non-toxic treatment is still needed.

3. SUMMARY OF THE INVENTION

The present invention relates, first, to DP178 (SEQ ID:1),
a 36-amino acid synthetic peptide corresponding to amino
acids 638 to 673 of the transmembrane protein (TM) gp41
from the HIV-1 isolate LAI (HIV-1,,,), which exhibits
potent anti-HIV-1 activity. As evidenced by the Example
presented below, in Section 6, the DP178 (SEQ ID:1)
antiviral activity is so high that, on a weight basis, no other
known anti-HIV agent is effective at concentrations as low
as those at which DP178 (SEQ ID:1) exhibits its inhibitory
effects.

The invention further relates to those portions and analogs
of DP178 which also show such antiviral activity, and/or
show anti-membrane fusion capability, or an ability to
modulate intracellular processes involving coiled-coil pep-
tide structures. The term “DP178 analog” refers to a peptide
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which contains an amino acid sequence corresponding to the
DP178 peptide sequence present within the gp41 protein of
HIV-1, ,,, but found in viruses and/or organisms other than
HIV-1,,, Such DP178 analog peptides may, therefore,
correspond to DP178-like amino acid sequences present in
other viruses, such as, for example, enveloped viruses, such
as retroviruses other than HIV-1,,, as well as non-
enveloped viruses. Further, such analogous DP178 peptides
may also correspond to DP178-like amino acid sequences
present in nonviral organisms.

The invention further relates to peptides DP107 (SEQ ID
NO:25) analogs. DP107 is a peptide corresponding to amino
acids 558595 of the HIV-1, ,, transmembrane protein (TM)
gp4l. The term “DP107 analog” as used herein refers to a
peptide which contains an amino acid sequence correspond-
ing to the DP107 peptide sequence present within the gp41
protein of HIV-1, ,,, but found in viruses and organisms
other than HIV-1,,,. Such DP107 analog peptides may,
therefore, correspond to DP107-like amino acid sequences
present in other viruses,.such as, for for example, enveloped
viruses, such as retroviruses other than HIV-1, ,,, as well as
non-enveloped viruses. Further, such DP107 analog peptides
may also correspond to DP107-like amino acid sequences
present in nonviral organisms.

Further, the peptides of the invention include DP107
analog and DP178 analog peptides having amino acid
sequences recognized or identified by the 107x178x4, ALL-
MOTI5 and/or PLZIP search motifs described herein.

The peptides of the invention may, for example, exhibit
antifusogenic activity, antiviral activity, and/or may have the
ability to modulate intracellular processes which involve
coiled-coil peptide structures. With respect to the-antiviral
activity of the peptides of the invention, such an antiviral
activity includes, but is not limited to the inhibition of HIV
transmission to uninfected CD-4* cells. Additionally, the
antifusogenic capability, antiviral activity or intracellular
modulatory activity of the peptides of the invention merely
requires the presence of the peptides of the invention,. and,.
specifically, does not require the stimulation of a host
immune response directed against such peptides.

The peptides of the invention may be used, for example,
as inhibitors of membrane fusion-asociated events, such as,
for example, the inhibition of human and non-human
retroviral, especially HIV, transmission to uninfected cells.
It is further contemplated that the peptides of the invention
may be used as modulators of intracellular events involving
coiled-coil peptide structures.

The peptides of the invention may, alternatively, be used
to identify compounds which may themselves exhibit
antifusogenic, antiviral, or intracellular modulatory activity.
Additional uses include, for example, the use of the peptides
of the invention as organism or viral type and/or subtype-
specific diagnostic tools.

The terms “antifusogenic” and “anti-membrane fusion”,
as used herein, refer to an agent’s ability to inhibit or reduce
the level of membrane fusion events between two or more
moieties. relative to the level of membrane fusion which
occurs between said moieties in the absence of the peptide.
The moieties may be, for example, cell membranes or viral
structures, such as viral envelopes or pili. The term
“antiviral”, as used herein, refers to the compound’s ability
to inhibit viral infection of cells, via, for example, cell-cell
fusion or free virus infection. Such infection may involve
membrane fusion, as occurs in the case of enveloped viruses,
or some other fusion event involving a viral structure and a
cellular structure (e. g., such as the fusion of a viral pilus and
bacterial membrane during bacterial conjugation).
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It is also contemplated that the peptides of the invention
may exhibit the ability to modulate intracellular events
involving coiled-coil peptide structures. “Modulate”, as
used herein, refers to a stimulatory or inhibitory effect on the
intracellular process of interest relative to the level or
activity of such a process in the absence of a peptide of the
invention.

Embodiments of the invention are demonstrated below
wherein an extremely low concentration of DP178 (SEQ
ID:1), and very low concentrations of a DP178 homolog
(SEQ ID:3) are shown to be potent inhibitors of HIV-1
mediated CD-4* cell-cell fusion (i.e., syncytial formation)
and infection of CD-4" cells by cell-free virus. Further, it is
shown that DP178 (SEQ ID:1) is not toxic to cells, even at
concentrations 3 logs higher than the inhibitory DP-178
(SEQ ID:1) concentration.

The present invention is based, in part, on the surprising
discovery that the DP107 and DP178 domains of the HIV
gp41l protein non-covalently complex with each other, and
that their interaction is required for the normal infectivity of
the virus. This discovery is described in the Example
presented, below, in Section 8. The invention, therefore,
further relates to methods for identifying antifusogenic,
including antiviral, compounds that disrupt the interaction
between DP107 and DP178, and/or between DP107-like and
DP178-like peptides.

Additional embodiments of the invention (specifically, the
Examples presents in Sections 9—-16 and 19-25, below) are
demonstrated, below, wherein peptides, from a variety of
viral and nonviral sources, having structural and/or amino
acid motif similarity to DP107 and DP178 are identified, and
search motifs for their identification are described. Further,
Examples (in Sections 17, 18, 25-29) are presented wherein
a number of the peptides of the invention are demonstrated
exhibit substantial antiviral activity or activity predictive of
antiviral. activity.

3.1. Definitions

Peptides are defined herein as organic compounds com-
prising two or more amino Acids covalently joined by
peptide bonds. Peptides may be referred to with respect to
the number of constituent amino acids, i.e., a dipeptide
contains two amino acid residues, a tripeptide contains three,
etc. Peptides containing ten or fewer amino acids may be
referred to as oligopeptides, while those with more than ten
amino acid residues are polypeptides. Such peptides may
also include any of the modifications and additional amino
and carboxy groups as are described herein.

Peptide sequences defined herein are represented by one-
letter symbols for amino acid residues as follows:

A (alanine)

R (arginine)

N (asparagine)

D (aspartic acid)
C (cysteine)

Q (glutamine)

E (glutamic acid)
G (glycine)

H (histidine)

I (isoleucine)

L (leucine)

K (lysine)

M (methionine)
F (phenylalanine)
P (proline)

S (serine)

T (threonine)

W (tryptophan)
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Y (tyrosine)
V (valine)

4. BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Amino acid sequence of DP178 (SEQ ID:1)
derived from HIV, ,; DP178 homologs derived from HIV-
1 (DP-185; SEQ ID:3), HIV-1g, (SEQ ID:4), and HIV-
1, (SEQ ID:5); DP178 homologs derived from amino acid
sequences of two prototypic HIV-2 isolates, namely, HIV-
2,04 (SEQ ID:6) and HIV-2,,,, (SEQ ID:7); control pep-
tides: DP-180 (SEQ ID:2), a peptide incorporating the
amino acid residues of DP178 in a scrambled sequence;,
DP-118 (SEQ ID:10) unrelated to DP178, which inhibits
HIV-1 cell free virus infection; DP-125 (SEQ ID:8), unre-
lated to, DP178, also inhibits HIV-1 cell free virus infection;
DP-116 (SEQ ID:9), unrelated to DP178, is negative for
inhibition of HIV-1 infection when tested using a cell-free
virus infection assay. Throughout the figures, the one letter
amino acid code is used.

FIG. 2. Inhibition of HIV-1 cell-free virus infection by
synthetic peptides. ICy, refers to the concentration of pep-
tide that inhibits RT production from infected cells by 50%
compared to the untreated control. Control: the level of RT
produced by untreated cell cultures infected with the same
level of virus as treated cultures.

FIG. 3. Inhibition of HIV-1 and HIV-2 cell-free virus
infection by the synthetic peptide DP178 (SEQ ID:1). ICy,:
concentration of peptide that inhibits RT production by 50%
compared to the untreated control. Control: Level of RT
produced by untreated cell cultures infected with the same
level of virus as treated cultures.

FIGS. 4A—4B. Fusion Inhibition Assays. FIG .4A: DP178
(SEQ ID:1) inhibition of HIV-1 prototypic isolate-mediated
syncytial formation; data represents the number of virus-
induced syncytial per cell. FIG. 4B: DP-180 (SEQ ID:2)
represents a scrambled control peptide; DP-185 (SEQ ID:3)
represents a DP178 homolog derived from HIV-1,., isolate;
Control, refers to the number of syncytial produced in the
absence of peptide.

FIG. 5. Fusion inhibition assay: HIV-1 vs. HIV-2. Data
represents the number of virus-induced syncytial per well.
ND: not done.

FIG. 6. Cytotoxicity study of DP178 (SEQ ID:1) and
DP-116 (SEQ ID:9) on CEM cells. Cell proliferation data is
shown.

FIG. 7. Schematic representation of HIV-gp41 and mal-
tose binding protein (MBP)-gp41 fusion proteins. DP107
and DP178 are synthetic peptides based on the two putative
helices of gp41. The letter P in the DP107 boxes denotes. an
Ile to Pro mutation at amino acid number 578. Amino acid
residues are numbered according to Meyers et al., “Human
Retroviruses and AIDS”, 1991, Theoret. Biol. and Biophys.
Group, Los Alamos Natl. Lab., Los Alamos, N. Mex. The
proteins are more fully described, below, in Section 8.1.1.

FIG. 8. A point mutation alters the conformation and
anti-HIV activity of M41.

FIG. 9. Abrogation of DP178 anti-HIV activity. Cell
fusion assays were carried out in the presence of 10 nM
DP178 and various concentrations of M41A178 or
M41PA178.

FIG. 10. Binding of DP178 to leucine zipper of gp4l
analyzed by FAb-D ELISA.

FIGS. 11A-B. Models for a structural transition in the
HIV-1 TM protein. Two models are proposed which indicate
a structural transition from a native oligomer to a fusogenic
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state following a trigger event (possibly gp120 binding to
CD4). Common features of both models include (1) the
native state is held together by noncovalent protein-protein
interactions to form the heterodimer of gp120/41 and other
interactions, principally though gp41 interactive sites, to
form homo-oligomers on-the virus surface of the gp120/41
complexes; (2) shielding of the hydrophobic fusogenic pep-
tide at the N-terminus (F) in the native state; and (3) the
leucine zipper domain (DP107) exists as a homo-oligomer
coiled coil only:in the fusogenic state. The major differences
in the two models include the structural state (native or
fusogenic) in which the DP107 and DP178 domains are
complexed to each other. In the first model (FIG. 11A) this
interaction occurs in the native state and in the second (FIG.
11B), it occurs during the fusogenic state. When triggered,
the fusion complex in the model depicted in (A),is generated
through formation of coiled-coil interactions in homologous
DP107 domains resulting in an extended o-helix. This
conformational change positions the fusion peptide for inter-
action with the cell membrane. In the second model (FIG.
11B), the fusogenic complex is stabilized by the association
of the DP178 domain with the DP107 coiled-coil.

FIG. 12. Motif design using heptad repeat positioning of
amino acids of known coiled-coils.

FIG. 13. Motif design using proposed heptad repeat
positioning of amino acids of DP107 and DP178.

FIG. 14. Hybrid motif design crossing GCN4 and DP107.

FIG. 15. Hybrid motif design crossing GCN4 and DP178.

FIG. 16. Hybrid motif design 107x178x4, crossing
DP107 and DP178. This motif was found to be the most
consistent at identifying relevant DP107-like and DP178-
like peptide regions.

FIG. 17. Hybrid motif design crossing GCN4, DP107, and
DP178.

FIG. 18. Hybrid motif design ALLMOTI5 crossing
GCN4, DP107, DP178, c-Fos c-Jun, c-Myc, and Flu Loop
36.

FIG. 19. PLZIP motifs designed to identify N-terminal
proline-leucine zipper motifs.

FIG. 20. Search results for HIV-1 (BRU isolate) envel-
oped protein gp4l. Sequence search motif designations:

Spades (#): 107x178x4; Hearts (¥) ALLMOTI5; Clubs

(#%): PLZIP; Diamonds (#): transmembrane region (the
putative transmembrane domains were identified using a
PC/Gene program designed to search for such peptide
regions). Asterisk (*): Lupas method. The amino acid
sequences identified by each motif are bracketed by the
respective characters. Representative sequences chosen
based on 107x178x4 searches are underlined and in bold.
DP107 and DP178 sequences are marked, and additionally
double-underlined and italicized.

FIG. 21. Search results for human respiratory syncytial
virus (RSV) strain A2 fusion glycoprotein F1. Sequence
search motif designations are as in FIG. 20.

FIG. 22. Search results for simian immunodeficiency
virus (SIV) enveloped protein gp4l (AGM3 isolate).
Sequence search motif designations are as in FIG. 20.

FIG. 23. Search results for canine distemper virus (strain
Onderstepoort) fusion glycoprotein 1. Sequence search
motif designations are as in FIG. 20.

FIG. 24. Search results for newcastle disease virus (strain
Australia-Victoria/32) fusion glycoprotein. F1. Sequence
search motif designations are as in FIG. 20.

FIG. 25. Search results for human parainfluenza 3 virus
(strain NIH 47885) fusion glycoprotein F1. Sequence search
motif designations are as in FIG. 20.
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FIG. 26. Search results for influenza A virus (strain
A/AICHI/2/68) hemagglutinin precursor HA2. Sequence
search designations are as in FIG. 20.

FIGS. 27A-F. Respiratory Syncytial Virus (RSV) peptide
antiviral and circular dichroism data. FIGS. 27A-B: Pep-
tides derived from the F2 DP178/DP107-like region. Anti-
viral and CD data. FIGS. 27C-D: Peptides derived from the
F1 DP107-like region. Peptide and CD data.

Antiviral activity (AV) is represented by the following
qualitative symbols:

«w

, negative antiviral activity;

“+/-", antiviral activity at greater than 100 ug/ml;

“+”, antiviral activity at between 50-100 ug/ml;

“++7, antiviral activity at. between 20-50 ug/ml;

“+++47, antiviral activity at between 1-20 g/ml;

“+++47, antiviral activity at <1 ug/ml.

CD data, referring to the level of helicity is represented by
the following qualitative symbol:

“~”_no helicity;

“+7, 25-50% helicity;

“++7, 50-75% helicity;

“+++” 75-100% helicity.

IC,, refers to the concentration of peptide necessary to
produce only 50% of the number of syncytial relative to
infected control cultures containing no peptide. ICy, values
were obtained using purified peptides only.

FIGS. 28A-C. Respiratory Syncytial Virus (RSV) DP178-
like region (F1) peptide antiviral and CD data. Antiviral
symbols, CD symbols, and ICy, are as in FIGS. 27A-D. IC;,
values were obtained using purified peptides only.

FIGS. 29A-E. Peptides derived from the HPIV3 F1
DP107-like region.- Peptide antiviral and CD data. Antiviral
symbols, CD symbols, and IC,, are as in FIGS. 27A-D.
Purified peptides were used to obtain ICs, values, except
where the values are marked by an asterisk (*), in which
cases, the ICy, values were obtained using a crude peptide
preparation.

FIGS. 30A—-C. Peptides derived from the HPIV3 F1
DP178-like region. Peptide antiviral and CD data. Antiviral
symbols, CD symbols, and IC,, are as in FIGS. 27A-D.
Purified peptides were used to obtain ICs, values, except
where the values are marked by an asterisk (*), in which
cases, the ICy, values were obtained using a crude peptide
preparation.

FIG. 31. Motif search results for simian immunodefi-
ciency virus (SIV) isolate MM251, enveloped polyprotein
gp41l. Sequence search designations are as in FIG. 20.

FIG. 32. Motif search results for Epstein-Barr Virus
(Strain B95-8), glycoprotein gpl10 precursor (designated
gpl15). BALF4. Sequence search designations are as in
FIG. 20.

FIG. 33. Motif search results for Epstein-Barr Virus
(Strain B95-8), BZLF1 trans-activator protein (designated
EB1 or Zebra). Sequence search designations are as in FIG.
20. Additionally, “@” refers to a well known DNA binding
domain and “+” refers to a well known dimerization domain,
as defined by Flemington and Speck (Flemington, E. and
Speck, S. H., 1990, Proc. Natl. Acad. Sci. USA
87:9459-9463).

FIG. 34. Motif search results for measles virus (strain
Edmonston), fusion glycoprotein F1. Sequence search des-
ignations are as in FIG. 20.

FIG. 35. Motif search results for Hepatitis B Virus
(Subtype AYW), major surface antigen precursor S.
Sequence search designations are as in FIG. 20.
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FIG. 36. Motif search results for simian Mason-Pfizer
monkey virus, enveloped (TM) protein gp20. Sequence
search designations are as in FIG. 20.

FIG. 37. Motif search results for Pseudomonas aerginosa,
fimbrial protein (Pilin). Sequence search designations are as
in FIG. 20.

FIG. 38. Motif search results for Neisseria gonorrhoeae
fimbrial protein (Pilin). Sequence search designations are as
in FIG. 20.

FIG. 39. Motif search results for Hemophilus influenzae
fimbrial protein. Sequence search designations are as in FIG.
20.

FIG. 40. Motif search results for Staphylococcus aureus,
toxic shock syndrome toxin-1. Sequence search designations
are as in FIG. 20.

FIG. 41. Motif search results for Staphylococcus aureus
enterotoxin Type E. Sequence search designations are as in
FIG. 20.

FIG. 42. Motif search results for Staphylococcus aureus
enterotoxin A. Sequence search designations are as in FIG.
20.

FIG. 43. Motif search results for Escherichia coli, heat
labile enterotoxin A. Sequence search designations are as in
FIG. 20.

FIG. 44. Motif search results for human c-fos proto-
oncoprotein. Sequence search designations are as in FIG. 20.

FIG. 45. Motif search results for human lupus KU autoan-
tigen protein P70. Sequence search designations are as in
FIG. 20.

FIG. 46. Motif search results for human, zinc finger
protein 10. Sequence search designations are as in FIG. 20.

FIGS. 47A-B. Measles virus (MeV) fusion protein
DP178-like region antiviral: and CD data. Antiviral
symbols, CD symbols, and ICy, are as in FIGS. 27A-D. IC;,
values were obtained using purified peptides.

FIGS. 48A-B. Simian immunodeficiency virus. (SIV)
TM (fusion) protein DP178-like region antiviral data. Anti-
viral symbols are as in FIGS., 27A-D “NT”, not tested.

FIGS. 49A-L. DP178-derived peptide antiviral data. The
peptides listed herein were derived from the region sur-
rounding the HIV-1 BRU isolate DP178 region (e.g., gp41l
amino acid residues 615-717).

In instances where peptides contained DP178 point
mutations, the mutated amino acid residues are shown with
a shaded background. In instances in which the test peptide
has had an amino and/or carboxy-terminal group added or
removed (apart from the standard amido and acetyl- block-
ing groups found on such peptides), such modifications are
indicated. FIG. 49A: The column to the immediate right of
the name of the test peptide indicates the size of the test
peptide and points out whether the peptide is derived from
a one amino acid peptide “walk” across the DP178 region.
The next column to the right indicates whether the test
peptide contains a point mutation, while the column to its
right indicates whether certain amino acid residues have
been added to or removed from the DP178-derived amino
acid sequence. FIG. 49B: The column to the immediate right
of the test peptide name indicates whether the peptide
represents a DP178 truncation, the next column to the right
points out whether the peptide contains a point mutation, and
the column to its right indicates whether the peptide contains
amino acids which have been added to or . removed from the
DP178 sequence itself. FIG. 49C: The column to the imme-
diate right of the test peptide name indicates whether the test
peptide contains a point mutation, while the column to its
right indicates whether amino acid residues have been added
to or removed from the DP178 sequence itself. IC,, is as
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defined in FIGS. 27A-D, and ICs, values were obtained
using purified peptides except where marked with an aster-
isk (*), in which case the IC5, was obtained using a crude
peptide preparation.

FIGS. 50A-B. DP107 and DP107 gp41 region truncated
peptide antiviral data. ICs as defined in FIGS. 27A-D,. and
IC,, values were obtained using purified peptides except
where marked with an asterisk (*) in which case the ICs,
was obtained using a crude peptide preparation.

FIGS. 51A-C. Epstein-Barr virus Strain B95-8 BZLF1
DP178/DP107 analog region peptide walks and electro-
phoretic mobility shift assay results. The peptides (T-423 to
T-446, FIG. 51A; T-447 to T-461, FIG. 51B) represent one
amino acid residue “walks” through the EBV Zebra protein
region from amino acid residue 173 to 246.

The amino acid residue within this region which corre-
sponds to the first amino acid residue of each peptide is
listed to the left of each peptide, while the amino acid
residue within this region which corresponds to the last
amino acid residue of each peptide is listed to the right of
each peptide. The length of each test peptide is listed at the
far right of each line, under the heading “Res”.

“ACT” refers to a test peptide’s ability to inhibit Zebra
binding to its response element. “+” refers to a visible, but
incomplete, abrogation of the response element/Zebra
homodimer complex; “+++” refers to a complete abrogation
of the complex; and “-” represents a lack of complex
disruption.

FIGS. 52A-B. Hepatitis B virus subtype AYW major
surface antigen precursor S protein DP178/DP107 analog
region and peptide walks. 52A depicts Domain I (S protein
amino acid residues 174-220), which-contains a potential
DP178/DP107 analog region. In addition, peptides are listed
which represent one amino acid peptide “walks” through
domain I. 52B depicts Domain II (S protein amino acid
residues 2.33-291), which contains a second potential
DP178/DP107.analog region. In addition, peptides are listed
which represent one amino acid peptide “walks” through
domain II.

5. DETAILED DESCRIPTION OF THE
INVENTION

Described herein are peptides which may exhibit antifu-
sogenic activity, antiviral capability, and/or the ability to
modulate intracellular processes involving coiled-coil pep-
tide structures. The peptides described include, first, DP178
(SEQ ID NO:1), a gp41-derived 36 amino acid peptide and.
fragments and analogs of DP178.

In addition, the peptides of the invention described herein
include peptides which are DP107 analogs. DP107 (SEQ ID
NO:25) is a 38 amino acid peptide corresponding to residues
558 to 595 of the HIV-1,,, transmembrane (TM) gp4l
protein. Such DP107 analogs may exhibit antifusogenic
capability, antiviral activity or an ability to modulate intra-
cellular processes involving coiled-coil structures.

Further, peptides of the invention include DP107 and
DP178 are described herein having amino acid sequences
recognized by the 107x178x4, ALLMOTI5, and PLZIP
search motifs. Such motifs are also discussed.

Also described here are antifusogenic, antiviral, intracel-
Iular modulatory, and diagnostic uses of the peptides of the
invention. Further, procedures are. described for the use of
the peptides of the invention for the identification of com-
pounds exhibiting antifusogenic, antiviral or intracellular
modulatory activity.

While not limited to any theory-of operation, the follow-
ing model is proposed to explain the potent anti-HIV activity
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of DP178, based, in part, on the experiments described in the
Examples, infra. In the HIV protein, gp41, DP178 corre-
sponds to a putative a-helix region located in the C-terminal
end of the gp41 ectodomain, and appears to associate with
a distal site on gp41 whose interactive structure is influenced
by the leucine zipper motif, a coiled-coil structure., referred
to as DP107. The association of these two domains may
reflect a molecular linkage or “molecular clasp™ intimately
involved in the fusion process. It is of interest that mutations
in the C-terminal a-helix motif of gp41 (i.e., the D178
domain) tend to enhance the fusion ability of gp41, whereas
mutations in the leucine zipper region (i.e., the DP107
domain) decrease or abolish the fusion ability of the viral
protein. It may be that the leucine zipper motif is involved
in membrane fusion while the C-terminal o-helix motif
serves as a molecular safety to regulate the availability. of
the leucine zipper during virus-induced membrane fusion.

On the basis of the foregoing, two models are proposed of
gp4l-mediated membrane fusion which are schematically
shown in FIGS. 11A-B. The reason for. proposing two
models is that the temporal nature of the interaction between
the regions defined by DP107 and DP178 cannot, as yet, be
pinpointed. Each model envisions two conformations for
gp4l—one in a “native” state as it might be found. on a
resting virion. The other in a “fusogenic” state to reflect
conformational changes triggered following binding of
gp120 to CD4 and just prior to fusion with the target cell
membrane. The strong binding affinity between gp120 and
CD4 may actually represent the trigger for the fusion
process obviating the need for a pH change such as occurs
for viruses that fuse within intracellular vesicles. The two
major features of both models are: (1) the leucine zipper
sequences (DP107) in each chain of oligomeric enveloped
are held apart in the native state and are only allowed access
to one another in the fusogenic state so as to form the
extremely stable coiled-coils, and (2) association of the
DP178 and DP107 sites as they exist in gp41 occur either in
the native or fusogenic state. FIG. 11A depicts DP178/
DP107 interaction in the native state as a molecular clasp.
On the other hand, if one assumes that the most stable form
of the enveloped occurs in the fusogenic state, the model in
FIG. 11B can be considered.

When synthesized as peptides, both DP107 and P178 are
potent inhibitors of HIV infection and fusion, probably by
virtue of their ability to form complexes with viral gp41 and
interfere with its fusogenic process; e.g., during the struc-
tural transition of the viral protein from the native structure
to the fusogenic state, the DP178 and DP107 peptides may
gain access to their respective binding sites on the viral
gp4l, and exert a disruptive influence. DP107 peptides
which demonstrate anti-HIV activity are described in Appli-
cants’ co-pending application Ser. No. 08/264,531, filed Jun.
23, 1994, which is incorporated by reference herein in its
entirety.

As shown in the Examples, infra, a truncated recombinant
gp4l protein corresponding to the ectodomain of gp4l
containing both DP107 and DP178 domains (excluding the
fusion peptide, transmembrane region and cytoplasmic
domain of gp41) did not inhibit HIV-1 induced fusion.
However, when a single mutation was introduced to disrupt
the coiled-coil structure of the DP107 domain—a mutation
which results in a total loss of biological activity of DP107
peptides—the inactive recombinant protein was transformed
to an active inhibitor of HIV-1 induced fusion. This trans-
formation may result from liberation of the potent DP178
domain from a molecular clasp with the leucine zipper,
DP107 domain.
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For clarity of discussion, the invention will be described
primarily for DP178 peptide inhibitors of HIV. However, the
principles may be analogously applied to other viruses, both
enveloped and nonenveloped, and to other non-viral organ-
isms.

5.1. DP178 and DP178-LIKE Peptides

The DP178 peptide (SEQ ID:1) of the. invention corre-
sponds to amino acid residues 638 to 673 of the transmem-
brane protein gp41 from the HIV-1, ,, isolate, and has the 36
amino acid sequence (reading from amino to carboxy
terminus):

NH,—YTSLIHSLIEESONQQEKNEQELLELDKWASL.WNWF—
COOH (SEQ ID:1)

In. addition to the full-length DP178 (SEQ ID:1) 36-mer,
the peptides of the invention may include truncations of the
DP178 (SEQ ID:1) peptide which exhibit antifusogenic
activity, antiviral activity and/or the ability to modulate
intracellular processes involving coiled-coil peptide struc-
tures. Truncations of DP178 (SEQ ID:1) peptides may
comprise peptides of between 3 and 36 amino acid residues
(i.e., peptides ranging in size from a tripeptide to a 36-mer
polypeptide), as shown in Tables I and IA, below. Peptide
sequences in these tables are listed from amino (left) to
carboxy (right) terminus. “X” may represent an amino group
(—NH,) and “Z” may represent a carboxyl (—COOH)
group. Alternatively, “X” may represent a hydrophobic
group, including but not limited to carbobenzyl, dansyl, or
T-butoxycarbonyl; an acetyl group; a 9-fluorenylmethoxy-
carbonyl (FMOC) group; or a covalently attached macro-
molecular group, including but not limited to a lipid-fatty
acid conjugate, polyethylene glycol, carbohydrate or peptide
group. Further, “Z” may represent an amido. group; a
T-butoxycarbonyl group; or a covalently attached macromo-
lecular group., including but not limited to a lipid-fatty acid
conjugate, polyethylene glycol, carbohydrate or peptide
group. A preferred “X” or “Z” macromolecular group is a
peptide group.

TABLE 1

DP178 (SEQ ID:1) CARBOXY TRUNCATIONS

X-YTS-Z

X-YTSL-Z

X-YTSLI-Z

X-YTSLIH-Z

X-YTSLIHS-Z

X-YTSLIHSL-Z

X-YTSLIHSLI-Z

X-YTSLIHSLIE-Z

X-YTSLIHSLIEE-Z

X-YTSLIHSLIEES-Z

X-YTSLIHSLIEESQ-Z

X-YTSLIHSLIEESQN-Z
X-YTSLIHSLIEESQNQ-Z
X-YTSLIHSLIEESQNQQ-Z
X-YTSLIHSLIEESQNQQE-Z
X-YTSLIHSLIEESQNQQEK-Z
X-YTSLIHSLIEESQNQQEKN-Z
X-YTSLIHSLIEESQNQQEKNE-Z
X-YTSLIHSLIEESQNQQEKNEQ-Z
X-YTSLIHSLIEESQNQQEKNEQE-Z
X-YTSLIHSLIEESQNQQEKNEQEL-Z
X-YTSLIHSLIEESQNQQEKNEQELL-Z
X-YTSLIHSLIEESONQQEKNEQELLE-Z
X-YTSLIHSLIEESQNQQEKNEQELLEL-Z
X-YTSLIHSLIEESQNQQEKNEQELLELD-Z
X-YTSLIHSLIEESQNQQEKNEQELLELDK-Z
X-YTSLIHSLIEESQNQQEKNEQELLELDKW-Z
X-YTSLIHSLIEESQNQQEKNEQELLELDKWA-Z
X-YTSLIHSLIEESQNQQEKNEQELLELDKWAS-Z
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TABLE I-continued

DP178 (SEQ ID:1) CARBOXY TRUNCATIONS

X-YTSLIHSLIEESOQNQQEKNEQELLELDKWASIL-Z
X-YTSLIHSLIEESQNQQEKNEQELLELDKWASILW-Z
X-YTSLIHSLIEESQNQQEKNEQELLELDKWASLWN-Z
X-YTSLIHSLIEESQNQQEKNEQELLELDKWASL.WNW-Z
X-YTSLIHSLIEESONQQEKNEQELLELDKWASIL.WNWF-Z

The one letter amino acid code is used.

Additionally,

“X” may represent an amino group, a hydrophobic group, including but
not limited to carbobenzoxyl, dansyl, or T-butyloxycarbonyl; an acetyl
group; a 9-fluorenylmethoxy-carbonyl (FMOC) group; a macromolecular
carrier group including but not Imited to lipid-fatty acid conjugates, poly-
ethylene glycol, or carbohydrates.

“Z” may represent a carboxyl group; an amido group; a
T-butyloxycarbonyl group; a macromolecular carrier group including but
not limited to lipid-fatty acid conjugates, polyethylene glycol, or carbohy-
drates.

TABLE 1A

DP178 (SEQ ID:1) AMINO TRUNCATIONS

X-NWF-Z

X-WNWF-Z

X-LWNWEF-Z

X-SLWNWF-Z

X-ASLWNWEF-Z

X-WASLWNWF-Z

X-KWASLWNWEF-Z

X-DKWASLWNWEF-Z

X-LDKWASILWNWEF-Z

X-ELDKWASLWNWEF-Z

X-LELDKWASLWNWEF-Z

X-LLELDKWASLWNWEF-Z
X-ELLELDKWASIL.WNWEF-Z
X-QELLELDKWASLWNWEF-Z
X-EQELLELDKWASLWNWEF-Z
X-NEQELLELDKWASIL.WNWEF-Z
X-KNEQELLELDKWASLWNWF-Z
X-EKNEQELLELDKWASILWNWEF-Z
X-QEKNEQELLELDKWASLWNWEF-Z
X-QQEKNEQELLELDKWASILWNWEF-Z
X-NQQEKNEQELLELDKWASIL.WNWEF-Z
X-ONQQEKNEQELLELDKWASLWNWEF-Z
X-SONQQEKNEQELLELDKWASL.WNWEF-Z
X-ESONQQEKNEQELLELDKWASLWNWEF-Z
X-EESONQQEKNEQELLELDKWASLWNWEF-Z
X-IEESONQQEKNEQELLELDKWASI.WNWEF-Z
X-LIEESONQQEKNEQELLELDKWASLWNWEF-Z
X-SLIEESONQQEKNEQELLELDKWASIL.WNWEF-Z
X-HSLIEESONQQEKNEQELLELDKWASLWNWEF-Z
X-IHSLIEESQONQQEKNEQELLELDKWASL.WNWEF-Z
X-LIHSLIEESQONQQEKNEQELLELDKWASI. WNWF-Z
X-SLIHSLIEESQONQQEKNEQELLELDKWASIL.WNWF-Z
X-TSLIHSLIEESQNQQEKNEQELLELDKWASIL.WNWF-Z
X-YTSLIHSLIEESOQNQQEKNEQELLELDKWASLWNWEF-Z

The one letter amino acid code is used.

Additionally,

“X” may represent an amino group, a hydrophobic group, including but
not limited to carbobenzoxyl, dansyl, or T-butyloxycarbonyl; an acetyl
group; a 9-fluorenylmethoxy-carbonyl group; a macromolecular carrier
group including but not limited to lipid-fatty acid conjugates, polyethylene
glycol, or carbohydrates.

“Z” may represent a carboxyl group; an amido group; a
T-butyloxycarbonyl group; a macromolecular carrier group including but
not limited to lipid-fatty acid conjugates, polyethylene glycol, or carbohy-
drates.

The peptides of the invention also include DP178-like
peptides. “DP178-like”, as used herein, refers, first, to
DP178 and DP178 truncations which contain one or more
amino acid substitutions, insertions and/or deletions.
Second, “DP-178-like” refers to peptide sequences identi-
fied or recognized by the ALLMOTI5, 107x178%x4 and
PLZIP search motifs described herein, having structural
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and/or amino acid motif similarity to DP178. The DP178-
like peptides of the invention may exhibit antifusogenic or
antiviral activity, or may exhibit the ability to modulate
intracellular processes involving coiled-coil peptides.
Further, such DP178-like peptides may possess additional
advantageous features, such as, for example, increased
bioavailability, and/or stability, or reduced host immune
recognition.

HIV-1 and HIV-2 enveloped proteins are structurally
distinct, but there exists a striking amino acid conservation
within the DP178-corresponding regions of HIV-1 and HIV-
2. The amino acid conservation is of a periodic nature,
suggesting some conservation of structure and/or function.
Therefore, one possible class of amino acid substitutions
would include those amino acid changes which are predicted
to stabilize the structure of the DP178 peptides of the
invention. Utilizing the DP178 and DP178 analog sequences
described herein,.the skilled artisan can readily compile
DP178 consensus sequences and ascertain from these, con-
served amino acid residues which would represent preferred
amino acid substitutions.

The amino acid substitutions may be of a conserved or
non-conserved nature. conserved amino acid substitutions
consist of replacing one or more amino acids of the DP178
(SEQ ID:1) peptide sequence with amino acids of similar
charge, size, and/or hydrophobicity characteristics, such as,
for example, a glutamic acid (E) to aspartic acid (D) amino
acid substitution. Non-conserved substitutions consist of
replacing one or more amino acids of the DP178 (SEQ ID:1)
peptide sequence with amino acids possessing dissimilar
charge, size, and/or hydrophobicity characteristics, such as,
for example, a glutamic acid (E) to valine (V) substitution.

Amino acid insertions may consist of single amino acid
residues or stretches of residues. The insertions may be
made at the carboxy or amino terminal end of the DP178 or
DP178 truncated peptides, as well as at a position internal to
the peptide. Such insertions will generally range from 2 to
15 amino acids in length. It is contemplated that insertions
made at either the carboxy or amino terminus of the peptide
of interest may be of a broader size range, with about 2 to
about 50 amino acids being preferred. One or more such
insertions may be introduced into. DP178 (SEQ.ID:1) or
DP178 truncations, as long as such insertions result in
peptides which may still be recognized by the 107x178x4,
ALLMOTI5 or PLZIP search motifs described herein, or
may, alternatively, exhibit antifusogenic or antiviral activity,
or exhibit the ability to modulate intracellular processes
involving coiled-coil peptide structures.

Preferred amino or carboxy terminal insertions are pep-
tides ranging from about 2 to about 50 amino acid residues
in length, corresponding to gp4l protein regions either
amino to or carboxy to the actual DP178 gp41 amino acid
sequence, respectively. Thus, a preferred amino terminal or
carboxy terminal amino acid insertion would contain gp41
amino acid sequences found immediately amino to or car-
boxy to the DP178 region of the gp41 protein.

Deletions of DP178 (SEQ ID:1) or DP178 truncations are
also within the scope of the invention. Such deletions consist
of the removal of one or more amino acids from the DP178
or DP178-like peptide sequence, with the lower limit length
of the resulting peptide sequence being 4 to 6 amino acids.
Such deletions may involve a single contiguous or greater
than one discrete portion of the peptide sequences. One or
more such deletions may be introduced into DP178
(SEQ.ID:1) or DP178 truncations, as long as such deletions
result in peptides which may still be recognized by the
107x178x4, ALLMOTI5 or PLZIP search motifs described



US 6,479,055 B1

15

herein, or may, alternatively, exhibit antifusogenic or anti-
viral activity, or exhibit the ability to modulate intracellular
processes involving coiled-coil peptide structures.

DP178 analogs are further described, below, in Section
5.3.
5.2. DP107 and DP107-LIKE Peptides

Further, the peptides of the invention include peptides
having amino acid sequences corresponding to DP107 ana-
logs. DP107 is a 38 amino acid peptide which exhibits
potent antiviral activity, and corresponds to residues 558 to
595 of HIV-1,,, transmembrane (TM) gp4l protein, as
shown here:

NH,—NNLLRAIEAQQHLLQLIVWQIKQLQA-
RILAVERYLKDQ—COOH (SEQ ID:25)

In addition to the full-length DP107 (SEQ ID:25) 38-mer,
the peptides of the invention may include truncations of the
DP107 (SEQ ID:25) peptide which exhibit antifusogenic
activity, antiviral activity and/or the ability to modulate
intracellular processes involving coiled-coil peptide struc-
tures. Truncations of DP107 (SEQ ID:25) peptides may
comprise peptides of between 3 and 38 amino acid residues
(ie., peptides ranging in size from a tripeptide to a 38-mer
polypeptide), as shown in Tables I and IIA, below. Peptide
sequences in these tables are listed from amino (left) to
carboxy (right) terminus. “X” may represent an amino group
(—NH,) and “Z” may represent a carboxyl (—COOHY
group. Alternatively, “X” may represent a hydrophobic
group, including but not limited to carbobenzyl, dansyl, or
T-butoxycarbonyl; an acetyl group; a 9-fluorenylmethoxy-
carbonyl (FMOC) group; or a covalently attached macro-
molecular group, including but not limited to a lipid-fatty
acid conjugate, polyethylene glycol, carbohydrate or peptide
group. Further, “Z” may represent an amido group; a
T-butoxycarbonyl group; or a covalently attached macromo-
lecular group, including but not limited to a lipid-fatty acid
conjugate, polyethyleneglycol, carbohydrate or peptide
group. A preferred “X” or “Z” macromolecular group is a
peptide group.

TABLE II

DP107 (SEQ ID:25) CARBOXY TRUNCATIONS

X-NNL-Z

X-NNLL-Z

X-NNLLR-Z

X-NNLLRA-Z

X-NNLLRAI-Z

X-NNLLRAIE-Z

X-NNLLRAIEA-Z

X-NNLLRAIEAQ-Z

X-NNLLRAIEAQQ-Z

X-NNLLRAIEAQQH-Z
X-NNLLRAIEAQQHL-Z
X-NNLLRAIEAQQHLL-Z
X-NNLLRAIEAQQHLLQ-Z
X-NNLLRAIEAQQHLLQL-Z
X-NNLLRAIEAQQHLLQLT-Z
X-NNLLRAIEAQQHLLQLTV-Z
X-NNLLRAIEAQQHLLQLTVW-Z
X-NNLLRAIEAQQHLLQLTVWQ-Z
X-NNLLRAIEAQQHLLQLTVWQI-Z
X-NNLLRAIEAQQHLLQLTVWQIK-Z
X-NNLLRAIEAQQHLLQLTVWQIKQ-Z
X-NNLLRAIEAQQHLLQLTVWQIKQL-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQ-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQA-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQAR-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQARI-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQARIL-Z
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TABLE II-continued

DP107 (SEQ ID:25) CARBOXY TRUNCATIONS

X-NNLLRAIEAQQHLLQLTVWQIKQLQARILA-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQARILAV-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQARILAVE-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQARILAVER-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQARILAVERY-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQARILAVERYL-Z
X-NNLLRAIEAQQHLLQITVWQIKQLQARILAVERYLK-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQARILAVERYLKD-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQARILAVERYLKDQ-Z

The one letter amino acid code is used.

Additionally,

“X” may represent an amino group, a hydrophobic group, including but
not limited to carbobenzoxyl, dansyl, or T-butyloxycarbonyl; an acetyl
group; a 9-fluorenylmethoxy-carbonyl (FMOS) group; a macromolecular
carrier group including but not limited to lipid-fatty acid conjugates, poly-
ethylene glycol, or carbohydrates.

“Z” may represent a carboxyl group; an amido group; a
T-butyloxycarbonyl group; a macromolecular carrier group including but
not limited to lipid-fatty acid conjugates, polyethylene glycol, or carbohy-
drates.

TABLE ITA

DP178 (SEQ ID:25) AMINO TRUNCATIONS

X-KDQ-Z

X-LKDQ-Z

X-YLKDQ-Z

X-RYLKDQ-Z

X-ERYLKDQ-Z

X-VERYLKDQ-Z

X-AVERYLKDQ-Z

X-LAVERYLKDQ-Z

X-ILAVERYLKDQ-Z

X-RILAVERYLKDQ-Z

X-ARILAVERYLKDQ-Z

X-QARILAVERYLKDQ-Z

X-LQARILAVERYLKDQ-Z

X-QLQARILAVERYLKDQ-Z
X-KQLQARILAVERYLKDQ-Z
X-IKQLQARILAVERYLKDQ-Z
X-QIKQLQARILAVERYLKDQ-Z
X-WQIKQLQARILAVERYLKDQ-Z
X-VWQIKQLQARILAVERYLKDQ-Z
X-TVWQIKQLQARILAVERYLKDQ-Z
X-ITVWQIKQLQARILAVERYLKDQ-Z
X-QLTVWQIKQLQARILAVERYLKDQ-Z
X-LQLTVWQIKQLQARILAVERYLKDQ-Z
X-LLQLTVWQIKQLQARILAVERYLKDQ-Z
X-HLLQLTVWQIKQLQARILAVERYLKDQ-Z
X-QHLLQLTVWQIKQLQARILAVERYLKDQ-Z
X-QQHLLQLTVWQIKQLQARILAVERYLKDQ-Z
X-AQQHLLQLTVWQIKQLQARILAVERYLKDQ-Z
X-EAQQHLLQLTVWQIKQLQARILAVERYLKDQ-Z
X-IEAQQHLLQLTVWQIKQLQARILAVERYLKDQ-Z
X-AIEAQQHLLQLTVWQIKQLQARILAVERYLKDQ-Z
X-RAIEAQQHLLQLTVWQIKQLQARILAVERYLKDQ-Z
X-LRAIEAQQHLLQLTVWQIKQLQARILAVERYLKDQ-Z
X-LLRAIEAQQHLLQLTVWQIKQLQARILAVERYLKDQ-Z
X-NLLRAIEAQQHLLQITVWQIKQLQARILAVERYLKDQ-Z
X-NNLLRAIEAQQHLLQLTVWQIKQLQARILAVERYLKDQ-Z

The one letter amino acid code is used.

Additionally,

“X” may represent an amino group, a hydrophobic group, including but
not limited to carbobenzoxyl, dansyl, or T-butyloxycarbonyl; an acetyl
group; a 9-fluorenylmethoxy-carbonyl group; a macromolecular carrier
group including but not limited to lipid-fatty acid conjugates, polyethylene
glycol, or carbohydrates.

“Z” may represent a carboxyl group; an amido group; a
T-butyloxycarbonyl group; a macromolecular carrier group including but
not limited to lipid-fatty acid conjugates, polyethylene glycol, or carbohy-
drates.

The peptides of the invention also include DP107 -like
peptides “DP107-like”, as used herein, refers, first, to DP107
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and DP107 truncations which contain one or more amino
acid substitutions, insertions and/or deletions. Second, “DP-
107-like” refers to peptide sequences identified or recog-
nized by the ALLMOTIS5, 107x178%x4 and PLZIP search
motifs described herein, having structural and/or amino acid
motif similarity to DP107. The DP107-like peptides of the
invention may exhibit antifusogenic or antiviral activity, or
may exhibit the ability to modulate intracellular processes
involving coiled-coil peptides. Further, such DP107-like
peptides may possess additional advantageous features, such
as, for example, increased bioavailability, and/or stability, or
reduced host immune recognition.

HIV-1 and HIV-2 enveloped proteins are structurally
distinct, but there exists a striking amino acid conservation
within the DP107-corresponding regions of HIV-1 and HIV-
2. The amino acid conservation is of a periodic nature,
suggesting some conservation of structure and/or function.
Therefore, one possible class of amino acid substitutions
would include those amino acid changes which are predicted
to stabilize the structure of the DP107 peptides of the
invention. Utilizing the DP107 and DP107 analog sequences
described herein, the skilled artisan can readily compile
DP107 consensus sequences and ascertain from these, con-
served amino acid residues which would represent preferred
amino acid substitutions.

The amino acid substitutions may be of a conserved or
non-conserved nature. Conserved amino acid substitutions
consist of replacing one or more amino acids,of the DP107
(SEQ ID:25) peptide sequence with amino acids of similar
charge, size, and/or hydrophobicity characteristics, such as,
for example, a glutamic acid (E) to aspartic acid (D) amino
acid substitution. Non-conserved substitutions consist of
replacing one or more amino acids of the DP107 (SEQ
ID:25) peptide sequence with amino acids possessing dis-
similar charge, size, and/or hydrophobicity characteristics,
such as, for example, a glutamic acid (E) to valine (V)
substitution.

Amino acid insertions may consist of single amino acid
residues or stretches of residues. The insertions may be
made at the carboxy or amino terminal end of the DP107 or
DP107 truncated peptides, as well as at a position internal to
the peptide. Such insertions will generally range from 2 to
15 amino acids in length. It is contemplated that insertions
made at either the carboxy or amino terminus of the peptide
of interest may be of a broader size range, with about 2 to
about 50 amino acids being preferred. One or more such
insertions may be introduced into DP107 (SEQ.ID:25) or
DP107 truncations, as long as such insertions result in
peptides which may still be recognized by the 107x178x4,
ALLMOTI5 or PLZIP search motifs described herein, or
may, alternatively, exhibit antifusogenic or antiviral activity,
or exhibit the ability to modulate intracellular processes
involving coiled-coil peptide structures.

Preferred amino or carboxy terminal insertions are pep-
tides ranging from about 2 to about 50 amino acid residues
in length, corresponding to gp4l protein regions either
amino to or carboxy to the actual DP107 gp41 amino acid
sequence, respectively. Thus, a preferred amino terminal or
carboxy terminal amino acid insertion would contain gp41
amino acid sequences found immediately amino to or car-
boxy to the DP107 region of the gp41 protein.

Deletions of DP107 (SEQ ID:25) or DP178 truncations
are also within the scope of the invention. Such deletions
consist of the removal of one or more amino acids from the
DP107 or DP107-like peptide sequence, with the lower limit
length of the resulting peptide, sequence being 4 to 6 amino
acids. Such deletions may involve a single contiguous or
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greater than one discrete portion of the peptide sequences.
One or more such deletions may be introduced into DP107
(SEQ.ID:25) or DP107 truncations, as long as such deletions
result in peptides which may still be recognized by the
107x178x4, ALLMOTI5 or PLZIP search motifs described
herein, or may, alternatively, exhibit antifusogenic or anti-
viral activity, or exhibit the ability to modulate intracellular
processes involving coiled-coil peptide structures.

DP107 and DP107 truncations are more fully described in
Applicants’ co-pending U.S. patent application Ser. No.
08/374,666, filed Jan. 27, 1995, and which is incorporated
herein by reference in its entirety. DP107 analogs are further
described, below, in Section 5.3.

5.3. DP107 and DP178 Analogs

Peptides corresponding to analogs of the DP178, DP178
truncations, DP107 and DP107 truncation sequences of the
invention, described, above, in Sections 5.1 and 5.2 may be
found in other viruses, including, for example, non-HIV-1, ,,
enveloped viruses, non-enveloped viruses and other non-
viral organisms.

The term “analog”, as used herein, refers to a peptide
which is recognized or identified via the 107x178x4, ALL-
MOTI5 and/or PLZIP search strategies discussed below.
Further, such peptides may exhibit antifusogenic capability,
antiviral activity, or the ability to modulate intracellular
processes involving coiled-coil structures.

Such DP178 and DP107 analogs may, for example, cor-
respond to peptide sequences present in TM proteins of
enveloped viruses and may, additionally correspond to pep-
tide sequences present in non enveloped and non-viral
organisms. Such peptides may exhibit antifusogenic activity,
antiviral activity, most particularly antiviral activity which is
specific to the virus in which their native sequences are
found, or may exhibit an ability to modulate intracellular
processes involving coiled-coil peptide structures.

DP178 analogs are peptides whose amino acid sequences
are comprised of the amino acid sequences of peptide
regions of, for example, other (i.e., other than HIV-1,,,)
viruses that correspond to the gp41 peptide region from
which DP178 (SEQ ID:1) was derived. Such viruses may
include, but are not limited to, other HIV-1 isolates and
HIV-2 isolates. DP178 analogs derived from the correspond-
ing gp41 peptide region of other (i.e., non HIV-1, ,,). HIV-1
isolates may include, for example, peptide sequences as
shown below.

NH,—YTNTIYTL
LEESQNQQEKNEQELLELDKWASLWNWEF—COOH (DP-
185; SEQ ID:3);

NH,—YTGIIYNL
LEESQNQQEKNEQELLELDKWANLWNWF—COOH (SEQ
ID:4);

NH,—YTSLLYSLLE
KSQIQQEKNEQFELLELDKWASLWNWF—COOH (SEQ
ID:5).

SEQ ID:3 (DP-185), SEQ ID:4, and SEQ ID:5 are derived
from HIV-1g.,, HIV-14., and HIV-1,,, isolates, respec-
tively. Underlined amino acid residues refer to those resi-
dues that differ from the corresponding. position in the
DP178 (SEQ ID:1) peptide. One such DP178 analog,
DP-185 (SEQ ID:3), is described in the Example presented
in Section 6, below, where it is demonstrated that DP-185
(SEQ ID:3) exhibits antiviral activity. The DP178 analogs of
the invention may also include truncations, as described
above. Further, the analogs of the invention modifications
such those described for DP178 analogs in Section 5.1.,
above. It is preferred that the DP178 analogs of the invention
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represent peptides whose amino acid sequences correspond
to the DP178 region of the gp41 protein, it is also contem-
plated that the peptides of the invention may, additionally,
include amino sequences, ranging from about 2 to about 50
amino acid residues in length, corresponding to gp41 protein
regions either amino to or carboxy to the actual DP178
amino acid sequence.

Striking similarities, as shown in FIG. 1, exist within the
regions of HIV-1 and HIV-2 isolates which correspond to the
DP178 sequence. A DP178 analog derived from the HIV-
2z 1s0late has the 36 amino acid sequence (reading from
amino to carboxy terminus):

NH,—LEANISQSLEQAQIQQEKNMYELQKIN-
SWDVFINWL—COOH (SEQ ID:7)

Table III and Table IV show some possible truncations of the
HIV-2,,..» DP178 analog, which may comprise peptides of
between 3 and 36 amino acid residues (i.c., peptides ranging
in size from a tripeptide to a 36-mer polypeptide). Peptide
sequences in these tables are listed from amino (left) to
carboxy (right) terminus “X” may represent an amino group
(—NH,) and “Z” may represent a carboxyl (—COOH)
group. Alternatively, “X” may represent a hydrophobic
group, including but not limited to carbobenzyl, dansyl, or
T-butoxycarbonyl; an acetyl group; a 9-fluorenylmethoxy-
carbonyl (FMOC) group; or a covalently attached macro-
molecular group, including but not limited to a lipid-fatty
acid conjugate, Further, “Z” may represent an amido group;
a T-butoxycarbonyl group; or a covalently attached macro-
molecular group, including but not limited to a lipid-fatty
acid conjugate, polyethylene glycol, carbohydrate or peptide
group. A preferred “X” or “Z” macromolecular group is a
peptide group.

TABLE III
HIV-2yuz DP178 analog carboxy truncations.
X-LEA-Z
X-LEAN-Z
X-LEANI-Z
X-LEANIS-Z
X-LEANISQ-Z

X-LEANISQS-Z

X-LEANISQSL-Z

X-LEANISQSLE-Z

X-LEANISQSLEQ-Z

X-LEANISQSLEQA-Z

X-LEANISQSLEQAQ-Z

X-LEANISQSLEQAQI-Z

X-LEANISQSLEQAQIQ-Z
X-LEANISQSLEQAQIQQ-Z
X-LEANISQSLEQAQIQQE-Z
X-LEANISQSLEQAQIQQEK-Z
X-LEANISQSLEQAQIQQEKN-Z
X-LEANISQSLEQAQIQQEKNM-Z
X-LEANISQSLEQAQIQQEKNMY-Z
X-LEANISQSLEQAQIQQEKNMYE-Z
X-LEANISQSLEQAQIQQEKNMYEL-Z
X-LEANISQSLEQAQIQQEKNMYELQ-Z
X-LEANISQSLEQAQIQQEKNMYELQK-Z
X-LEANISQSLEQAQIQQEKNMYELQKL-Z
X-LEANISQSLEQAQIQQEKNMYELQKILN-Z
X-LEANISQSLEQAQIQQEKNMYELQKILNS-Z
X-LEANISQSLEQAQIQQEKNMYELQKILNSW-Z
X-LEANISQSLEQAQIQQEKNMYELQKINSWD-Z
X-LEANISQSLEQAQIQQEKNMYELQKILNSWDV-Z
X-LEANISQSLEQAQIQQEKNMYELQKILNSWDVF-Z
X-LEANISQSLEQAQIQQEKNMYELQKILNSWDVFT-Z
X-LEANISQSLEQAQIQQEKNMYELQKILNSWDVFTIN-Z
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TABLE III-continued

HIV-2yuz DP178 analog carboxy truncations.

X-LEANISQSLEQAQIQQEKNMYELQKINSWDVFINW-Z
X-LEANISQSLEQAQIQQEKNMYELQKINSWDVFINWL-Z

The one letter amino acid code is used.

Additionally,

“X” may represent an amino group, a hydrophobic group, including but
not limited to carbobenzoxyl, dansyl, or T-butyloxycarbonyl; an acetyl
group; a 9-fluorenylmethoxy-carbonyl (FMOC) group; a macromolecular
carrier group including but not Imited to lipid-fatty acid conjugates, poly-
ethylene glycol, or carbohydrates.

“Z” may represent a carboxyl group; an amido group; a
T-butyloxycarbonyl group; a macromolecular carrier group including but
not limited to lipid-fatty acid conjugates, polyethylene glycol, or carbohy-
drates.

TABLE IV

HIV-2yyz DP178 analog amino truncations.

X-DVFINWL-Z

X-WDVFINWL-Z

X-SWDVFINWL-Z

X-NSWDVFINWL-Z

X-LNSWDVFINWL-Z

X-KLNSWDVFINWL-Z

X-QKLNSWDVFINWL-Z

X-LOQKLNSWDVFINWL-Z

X-ELQKLNSWDVFINWL-Z
X-YELQKLNSWDVFINWL-Z
X-MYELQKLNSWDVFINWL-Z
X-NMYELQKLNSWDVFINWL-Z
X-KNMYELQKLNSWDVFINWL-Z
X-EKNMYELQKILNSWDVFINWL-Z
X-QEKNMYELQKLNSWDVFINWL-Z
X-QQEKNMYELQKLNSWDVFINWL-Z
X-IQQEKNMYELQKLNSWDVFINWL-Z
X-QIQQEKNMYELQKILNSWDVFINWL-Z
X-AQIQQEKNMYELQKILNSWDVFINWL-Z
X-QAQIQQEKNMYELQKINSWDVFINWL-Z
X-EQAQIQQEKNMYELQKILNSWDVFINWL-Z
X-LEQAQIQQEKNMYELQKINSWDVFINWL-Z
X-SLEQAQIQQEKNMYELQKILNSWDVFINWL-Z
X-QSLEQAQIQQEKNMYELQKILNSWDVFINWL-Z
X-SQSLEQAQIQQEKNMYELQKILNSWDVFINWL-Z
X-ISQSLEQAQIQQEKNMYELQKILNSWDVFINWL-Z
X-NISQSLEQAQIQQEKNMYELQKILNSWDVFINWL-Z
X-ANISQSLEQAQIQQEKNMYELQKILNSWDVFINWL-Z
X-EANISQSLEQAQIQQEKNMYELQKLNSWDVFINWL-Z
X-LEANISQSLEQAQIQQEKNMYELQKINSWDVFINWL-Z

The one letter amino acid code is used.

Additionally,

“X” may represent an amino group, a hydrophobic group, including but
not limited to carbobenzoxyl, dansyl, or T-butyloxycarbonyl; an acetyl
group; a 9-fluorenylmethoxy-carbonyl (FMOC) group; a macromolecular
carrier group including but not Imited to lipid-fatty acid conjugates, poly-
ethylene glycol, or carbohydrates.

“Z” may represent a carboxyl group; an amido group; a
T-butyloxycarbonyl group; a macromolecular carrier group including but
not limited to lipid-fatty acid conjugates, polyethylene glycol, or carbohy-
drates.

DP178 and DP107 analogs are recognized or identified,
for example, by utilizing one or more of the 107x178x4,
ALLMOTI5 or PLZIP computer-assisted search strategies
described and demonstrated, below, in the Examples pre-
sented in Sections 9 through 16 and 19 through 25. The
search strategy identifies additional peptide regions which
are predicted to have structural and/or amino acid sequence
features similar to those of DP107 and/or DP178 .

The search strategies are described fully, below, in the
Example presented in Section 9. While this search strategy
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is based, in part, on a primary amino acid motif deduced
from DP107 and DP178, it is not based solely on searching
for primary amino acid sequence homologies, as such pro-
tein sequence homologies exist within, but not between
major groups of viruses. For example, primary amino acid
sequence homology is high within the TM protein of dif-
ferent strains of HIV-1 or within the TM protein of different
isolates of simian immunodeficiency virus (SIV). Primary
amino acid sequence homology between HIV-1 and SIV,
however, is low enough so as not to be useful. It is not
possible, therefore, to find peptide regions similar to DP107
or DP178 within other viruses, or within non-viral
organisms, whether structurally, or otherwise, based on
primary sequence homology, alone.

Further, while it would be potentially useful to identify
primary sequence arrangements of amino acids based on, for
example, the physical chemical characteristics of different
classes of amino acids rather than based on the specific
amino acids themselves, such search strategies have, until
now, proven inadequate. For example, a computer algorithm
designed by Lupas et al. to identify coiled-coil propensities
of regions within proteins (Lupas, A., et al., 1991 Science
252:1162-1164) is inadequate for identifying protein
regions analogous to DP107 or DP178.

Specifically, analysis of-HIV-1 gp160 (containing both
2p120 and gp41) using the Lupas algorithm does not iden-
tify the coiled-coil region within DP107. It does, however,
identify a region within DP178 beginning eight amino acids
N-terminal to the start of DP178 and ending eight amino
acids from the C-terminus. The DP107 peptide has been
shown experimentally to form. a stable coiled coil. A search
based on the Lupas search algorithm, therefore, would not
have identified the DP107 coiled-coil region. Conversely,
the Lupas algorithm identified the DP178 region as a poten-
tial coiled-coil motif. However, the peptide derived from the
DP178 region failed to form a coiled coil in solution.

A possible explanation for the inability of the Lupas
search algorithm to accurately identify coiled-coil sequences
within the HIV-1 TM, is that the Lupas algorithm is based
on the structure of coiled coils from proteins that are not
structurally or functionally similar to the TM proteins of
viruses, antiviral peptides (e.g. DP107 and DP178) of which
are an object of this invention.

The computer search strategy of the invention, as dem-
onstrated in the Examples presented below, in Sections 9
through 16 and 19 through 25, successfully identifies
regions of proteins similar to DP107 or DP178. This search
strategy was:designed to be used with a commercially-
available sequence database package, preferably PC/Gene.

A series of search motifs, the 107x178x4, ALLMOTI5S
and PLZIP motifs, were designed and engineered to range in
stringency from strict to broad, as discussed in this Section
and in Section 9, with 107x178x4 being preferred. The
sequences identified via such search motifs, such as those
listed in Tables V-XIV, below, potentially exhibit
antifusogenic, such as antiviral, activity, may additionally be
useful in the identification of antifusogenic, such as
antiviral, compounds, and are intended to be within the
scope of the invention.

Coiled-coiled sequences are thought to consist of heptad
amino acid repeats. For ease of description, the amino acid
positions within the heptad repeats are sometimes referred to
as A through G, with the first position being A, the second
B, etc. The motifs used to identify DP107-like and DP178-
like sequences herein are designed to specifically search for
and identify such heptad repeats. In the descriptions of each
of the motifs described, below, amino acids enclosed by
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brackets, i.e., [ ], designate the only amino acid residues that
are acceptable at the given position, while amino acids
enclosed by braces, i.e., { }, designate the only amino acids
which are unacceptable at the given heptad position. When
a set of bracketed or braced amino acids is followed by a
number in parentheses i.e., (), it refers to the number of
subsequent amino acid positions for which the designated
set of amino acids hold, e.g, a (2) means “for the next two
heptad amino acid positions”.
The ALLMOTIS is written as follows:
{CDGHP}-{CFP} (2)-{CDGHP}-{CFP} (3)-
{CDGHP}-{CFP} (2)-{CDGHP}-{CFP} (3)-
{CDGHP}-{CFP} (2)-{CDGHP}-{CFP} (3)-
{CDGHP}-{CFP} (2)-{CDGHP}-{CFP} (3)-
{CDGHP}-{CFP} (2)-{CDGHP}-{CFP} (3)-
Translating this motif, it would read: “at the first (A)
position of the heptad, any amino acid residue except C, D,
G,. H, or P is acceptable, at the next two (B,C) amino acid
positions, any amino acid residue except C, F, or P is
acceptable, at the fourth heptad position (D), any amino acid
residue except C, D, G, H, or P is acceptable, at the next
three (E, F, G) amino acid positions, any amino acid residue
except C, F, or P is acceptable. This motif is designed to
search for five consecutive heptad repeats (thus the repeat of
the first line five times), meaning that it searches for 35-mer
sized peptides. It may also be designed to search for
28-mers, by only repeating the initial motif four times. With
respect to the ALLMOTI5 motif, a 35-mer search is pre-
ferred. Those viral (non-bacteriophage) sequences identified
via such an ALLMOTI5 motif are listed in Table V, below,
at the end of this Section. The viral sequences listed in Table
V potentially exhibit antiviral activity, may be useful in the
the identification of antiviral compounds, and are intended
to be within the scope of the invention. In those instances
wherein a single gene exhibits greater than one sequence.
recognized by the ALLMOTI5 search motif, the amino a
acid residue numbers of these sequences are listed under
“Area 27, Area 3”, etc. This convention is used for each of
the Tables listed, below, at the end of this Section.
The 107x178x4 motif is written as follows:
[EFIKLNQSTVWY]-{CFMP} (2)-[EFIKLNQSTVWY]-
{CFMP} (3)-

[EFIKLNQSTVWY]-{CFMP} (2)-[EFIKLNQSTVWY]-
{CFMP} (3)-

[EFIKLNQSTVWY]-{CFMP} (2)-[EFIKLNQSTVWY]-
{CFMP} (3)-

[EFIKLNQSTVWY]-{CFMP} (2)-[EFIKLNQSTVWY]-
{CFMP} (3)-

Translating this motif, it would read: “at the first (A)
position of the heptad, only amino acid residue E, F, [, K, L,
N,Q, S, T, V,W, or Y is acceptable, at the next two (B,C)
amino acid 30 positions, any amino acid residue except C,
F, M or P is acceptable, at the fourth position (D), only
amino acid residue E, F, I, K, L, N, Q,S, T, V, W, or Y is
acceptable, at the next three (E, F, G) amino acid positions,
any amino acid residue except C, F, M or P is acceptable.
This motif is designed to search for four consecutive heptad
repeats (thus the repeat of the first line four times), meaning
that it searches for 28-mer sized peptides. It may also be
designed to search for 35-mers, by repeating the initial motif
five times. With respect to the 107x178x4 motif, a 28-mer
search is preferred.

Those viral (non-bacteriophage) sequences identified via
such a 107x178x4 motif are listed in Table VI, below, at the
end of this Section, with those viral (non-bacteriophage)
sequences listed in Table VII, below at the end of this
Section, being preferred.
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The 107x178%4 search motif was also utilized to identify
non-viral procaryotic protein sequences, as listed in Table
VIII, below, at the end of this Section. Further, this search
motif was used to reveal a number of human proteins. The
results of this human protein 107x178x4 search is listed in
Table IX, below, at the end of this Section. The sequences
listed in Tables VIII and IX, therefore, reveal peptides which
may be useful as antifusogenic compounds or in the iden-
tification of antifusogenic compounds, and are intended to
be within the scope of the invention.

The PLZIP series of motifs are as listed in FIG. 19. These
motifs are designed to identify leucine zipper coiled-coil like
heptads wherein at least one proline residue is present at
some predefined distance N-terminal to the repeat. These
PLZIP motifs find regions of proteins with similarities to
HIV-1 DP178 generally located just N-terminal to the trans-
membrane anchor. These motifs may be translated according
to the same convention described above. Each. line depicted
in FIG. 19 represents a single, complete search motif. “X”
in these motifs refers to any-amino acid residue. In instances
wherein a motif contains two numbers within parentheses,
this refers to a variable number of amino acid residues. For
example, X (1,12) is translated to “the next one to twelve
amino. acid residues,. inclusive, may be any amino acid”.

Tables X through XIV, below, at the end of this Section,
list sequences identified via searches conducted with such
PLZIP motifs. Specifically, Table X lists viral sequences
identified via PCTLZIP, P1ICTLZIP and P2CTLZIP search
motifs, Table XI lists viral sequences identified via
P3CTLZIP, PACTLZIP, PSCTLZIP and P6CTLZIP search
motifs, Table XII Ists viral sequences identified via
P7CTLZIP, PRCTLZIP and POCTLZIP search motifs, Table
XIII lists viral sequences identified via P12LZIPC searches
and Table XIV lists viral. sequences identified via
P23TLZIPC search motifs. The viral sequences listed in
these tables represent peptides which potentially exhibit.
antiviral activity, may be useful in the identification of
antiviral compounds, and are intended to be within the scope
of the invention.

The Examples presented in Sections 17, 18, 26 and 27
below, demonstrate that viral sequences identified via the
motif searches described herein identify substantial antiviral
characteristics. Specifically, the Example presented in Sec-
tion 17 describes peptides. with anti-respiratory syncytial
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virus activity, the Example presented in Section 18 describes
peptides with anti-parainfluenza virus activity, the Example
presented in Section 26 describes peptides with anti-measles
virus activity and the Example presented in Section 27
describes peptides with anti-simian immunodeficiency virus
activity.

The DP107 and DP178 analogs may, further, contain any
of the additional groups described for DP178, above, in
Section 5.1. For example, these peptides may include any of
the additional amino-terminal groups as described above for
“X” groups, and may also include any of the carboxy-
terminal groups as described, above, for “Z” groups.

Additionally, truncations of the identified DP107 and
DP178 peptides are among the peptides of the invention.
Further, such DP107 and DP178 analogs and DP107/DP178
analog truncations may exhibit one or more amino acid
substitutions, insertion, and/or deletions. The DP178 analog
amino acid substitutions, insertions and deletions, are as
described, above, for DP178-like peptides in Section 5.1.
The DP-107 analog amino acid substitutions, insertions and
deletions are also as described, above, for DP107-like pep-
tides in Section 5.2.

Tables XV through XXII, below, present representative
examples of such DP107/DP178 truncations. Specifically,-
Table XV presents Respiratory Syncytial Virus F1 region
DP107 analog carboxy truncations, Table XVI presents
Respiratory Syncytial Virus F1 region DP107 analog amino
truncations, Table XVII presents Respiratory Syncytial
Virus F1 region DP178 analog carboxy truncations, Table
XVIII presents Respiratory Syncytial Virus F1 region
DP178 analog amino truncations, Table XIX presents
Human Parainfluenza Virus 3 F1 region DP178 analog
carboxy truncations, Table XX presents Human Parainflu-
enza Virus 3F1 region DP178 analog amino truncations,
Table XXI presents Human Parainfluenza Virus 3 F1 region
DP107 analog carboxy truncations and Table XXII presents
Human Parainfluenza Virus 3 F1 region DP107 analog
amino truncations. Further, Table XXIII, below,.presents
DP107/DP178 analogs and analog truncations which exhibit
substantial-antiviral activity. These antiviral peptides are
grouped according to the specific virus which they inhibit,
including respiratory syncytial virus, human parainfluenza
virus 3, simian immunodeficiency virus and measles virus.
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